1. Vazquez-Prado, J., Casas-Gonzalez, P., and Garcia-Sainz, J. There are a limited number of common autoimmune disorders, and some diseases, such as type 1A diabetes (immune-mediated type 1 diabetes), both are common and have increased dramatically in incidence over the past 50 years (1). Irun Cohen has advanced the hypothesis that the normal immune repertoire includes a high frequency of lymphocytes that recognize key self-antigens. The relative distribution of lymphocytes specific for various antigens, termed the "immunological homunculus," therefore defines the spectrum of potential autoreactive immune responses (2) . The common lack of clinical immunopathology in the presence of a relevant autoreactive lymphocyte repertoire is attributed to active "immune regulation." Conversely, breakdown of such regulatory mechanisms, presciently postulated almost 100 years ago (3), will lead to autoimmune disease. As such tolerance mechanisms are, in part, based on the activity of autoreactive lymphocytes, the increased prevalence of certain autoimmune disorders may be the direct consequence of a biased immunologic repertoire (preferential recognition of selected autoantigens), and its particular susceptibility to functional modulation (7) . Of note, the TCR of this CD4 + T cell clone shared a common Jα chain motif (KTLFGKGT) found in 3 of 50 germ-line Jα sequences (Table 1) , but used by the majority of pathogenic clones reacting with insulin peptide B:9-23 (8).
Role of TGF-β in diabetes protection
Du and coworkers now have engineered a transgenic NOD mouse with the TCR sequences from the protective 2H6 clone (4). Not only were the TCR Tg mice protected from the development of spontaneous diabetes, but the transfer of 2H6 TCR Tg cells together with diabetogenic T cells from NOD mice or a pathogenic T cell clone (clone name BDC2.5) reacting with an unknown islet antigen protected recipient animals from BDC2.5-induced diabetes. The capacity of 2H6 T cells to provide protection in the absence of any further in vitro manipulation is particularly striking as it has been reported that a TCR from anti-B:9-23 pathogenic clones, despite reacting with the same insulin B:9-23 peptide, causes spontaneous diabetes in Tg mice (9) . Thus, TCRs targeting the same insulin epitope can either cause or prevent diabetes. The study by Du and coworkers (4) has gone further to explore the mechanism by which the TCR Tg T cells mediate protection against the development of diabetes. Although TGF-β, produced by both the 2H6 clone (10) and naive TCR Tg 2H6 T cells (4) , is an obvious candidate, the complex functions of this cytokine in Treg biology remain somewhat controversial - in particular the role played by T cell-produced TGF-β in autoimmune disease protection (11) . By use of cotransfer experiments combining diabetogenic T cells carrying a dominant-negative TGF-β receptor II with protective 2H6 T cells, the authors found that pathogenic T cells that are unable to respond to TGF-β signals cannot be prevented from causing diabetes in recipient mice. Complementary experiments with injection into test mice of TGF-β-insensitive 2H6 T cells and normal pathogenic T cells also failed to protect the recipient mice from diabetes, indicating that Treg-produced TGF-β may act in both a paracrine fashion (modulating destructive activity of diabetogenic cells) and an autocrine fashion (preserving their regulatory activity). Although these experiments clearly suggest an important role for TGF-β production by Tregs, definitive proof will have to come from future experiments using T cell-specific, conditional deletion of TGF-β1, the predominant TGF-β species produced by T cells.
Tregs and antigen specificity
What are the lessons to be drawn from this animal study regarding the pathogenesis and prevention of human type 1 diabetes? The current study (4) documents the existence of antigen-specific Tregs and demonstrates that such cells need not conform to the natural Treg phenotype (i.e., they are not CD25 + , nor do they express the signature transcription factor FoxP3). Perhaps more importantly, the study indicates that epitope specificity per se does not predict the nature of autoreactive immune responses, since protective and pathogenic T cells can recognize similar autoantigenic epitopes, if not the same autoantigenic epitope. Therefore, concerns are warranted that antigen-specific immunotherapies could skew the balance between pathogenic and protective T cell immunity toward pathogenicity. A clinical trial of an altered peptide ligand of insulin B:9-23 is currently under way, and the results of this trial, as well as a trial of insulin B chain administered in incomplete Freund's adjuvant, are awaited with interest (12) . The study by Du and colleagues (4) provides a few clues that may explain the "protective phenotype" of the transgenic T cells: the 2H6 T cells do not exhibit a genuine naive phenotype and are apparently cross-reactive with an The α chain of the 2H6 clone, used to produce the TCR Tg mice described in this issue of the JCI by Du et al. (4), uses the dominant conserved Jα chain (TRAJ53*01). Conserved Jα is shown in blue boldface for name and sequence KLTFGKGT. Dominant conserved Vα sequences and designation are shown in black boldface.
undefined antigen other than the insulin B chain. In addition, 2H6 T cells recovered from pancreatic lymph nodes and, to a lesser extent, the spleen, but not from bone marrow or thymus, demonstrated efficient protective capacities. Thus it is conceivable that intermittent or prolonged exposure to "persisting" antigens favors the generation of regulatory rather than pathogenic T cell reactivity (13) . The availability of TCR Tg NOD mouse models that maintain autoreactive T cells in the presence versus the absence of autoantigen should allow for direct testing of this hypothesis (14) .
Insulin as a potential primary autoantigen in type 1 diabetes
Insulin is obviously not the only islet peptide recognized by anti-islet-specific CD4 + and CD8 + T cells in the NOD mouse (15) but is, to date, the only antigen that, upon deletion or alterations of its immunogenic properties, dramatically accelerates or prevents diabetes (6, (16) (17) (18) (19) (20) . Reactivity of T cells to other islet antigens such as glutamic acid decarboxylase and the β cell-specific protein islet-specific glucose-6-phosphatase catalytic subunit-related protein (IGRP) (21) has been described, and the precise identities of some targets remain to be determined. Nevertheless, we believe it is likely that specific properties of the insulin B chain, and the relatively simple, low-stringency TCR motif implicated in recognizing the B:9-23 sequence (Table 1) in the context of appropriate MHC molecules, make this epitope a preferred target for immunomodulation. Although it is much easier to posit a primary autoantigenic epitope for disease activation in an animal model with a single class II MHC molecule (e.g., I-A g7 ), we suggest that the immunogenicity of insulin and its recognition by autoreactive T cells may in fact drive the high prevalence of type 1 diabetes in humans. A remarkable dominance of MHC molecules underlies type 1 diabetes in humans, with the highest-risk class II genotype (DR3-DQ2:DR4-DQ8) making up onethird of individuals who develop the disease versus a population frequency of 2.4% in Denver, Colorado (22) . In addition, HLA molecules such as DQB1*0602 provide dominant protection from type 1 diabetes in multiple populations (23, 24) . Nevertheless, there is a different disease risk for each MHC genotype, and though it is possible that only a single peptide epitope will relate to disease with multiple MHC genotypes, this contention remains to be evaluated experimentally. In a recent study of pancreatic lymph nodes from 3 individuals with diabetes, 2 had T cells with marked conservation of their TCRs that reacted with insulin A chain peptide A:1-15 (25) . We believe that further study of both the pancreatic lymph nodes and the islets of individuals who develop type 1 diabetes is essential, and if dominant TCRs and target autoantigens similar to those of the NOD mouse can be identified, it will greatly facilitate molecular understanding of the pathogenesis of type 1 diabetes.
Toward targeted immunotherapies: the challenges ahead
The therapeutic targeting of autoimmune epitopes with high immunogenicity (e.g., insulin B:9-23 in NOD mice) may be conducive to regulatory rather than pathologic T cell immunity as long as proper regulatory circuits are in place. However, compromised Treg functions will facilitate generation of destructive autoimmune responses, as illustrated, for example, by patients with FoxP3 mutations who suffer from overwhelming autoimmunity, including development of neonatal type 1 diabetes (26) . Although important for many aspects of Treg function, FoxP3 expression is not a hallmark of all Tregs, as evidenced by the current study (4) as well as earlier work (27) , and other factors such as impaired central tolerance due to mutations of the autoimmune regulator (AIRE) gene that result in widespread autoimmunity (26) or environmentally induced alterations (e.g., resulting in IFN-α induction) contribute to the eventual balance between pathogenic and protective immune responses. The study by Du and coworkers (4) provides important insights toward the understanding of determinants that modulate immunoregulation targeted to a potentially primary autoantigen. In the past few years, we have learned to predict diabetes development in humans and prevent, as well as revert, clinical diabetes in various animal models (28) . At present, however, clinical trials for the prevention of diabetes in humans are limited by the lack of adequate assays that monitor specific T cell activities associated with therapeutic efficacy or progression of disease (29) . The development of such assays is essential for the design and monitoring of effective clinical trials, and it will be of interest to use reagents and derivatives such as the 2H6 TCR Tg mice (combined with pathogenic T cells recognizing the same and other antigens) to assist in the development of such assays.
